A series of heptacoordinated Mn II compounds with a pentadentate 15-membered pyridine-based macrocycle 15-pyN 3 O 2 (3,12,18-triaza-6,9-dioxabicyclo[12.3.1]octadeca-1(18),14,16-triene) and two axially coordinated halido/pseudohalido coligands (X), having a monomeric , when the dinuclear spin Hamiltonian was used). It has been also found that extensive systems of hydrogen bonds, non-covalent contacts and p-p stacking interactions present in the crystal structures of 2, 3 and 4 have an impact on the formation of supramolecular 1D chains, and as a consequence of this on the magnetic properties of the complexes. Contrary to non-covalent contacts, the influence of the axial ligands on the magnetic nature of the complexes seems to be negligible.
Introduction
Despite a long history of chemistry of 15-membered pyridinebased macrocycles with ve donor atoms, which date from the 1960s and have been recently reviewed, 1,2 these macrocyclic ligands (mainly those with ve nitrogen or three nitrogen and two oxygen donor atoms) still attain strong interest of coordination chemists and magnetochemists as well as theoreticians due to their application potential in molecular magnetism, various types of sensors, and spintronics.
3 Among this rather extensive group of compounds, our attention has been mainly focused on the 15-membered macrocycles with a pyridine moiety incorporated into the macrocyclic ligand scaffold and two oxygen and two secondary nitrogen atoms (15-pyN 3 O 2 ¼ L in Fig. 1 ). The synthesis of 15-pyN 3 O 2 is well known 4 and it is based on the cyclization of pyridine-2,6-dicarbaldehyde with 1,8-diamino-3,6-dioxaoctane using Mn II as a template providing a macrocyclic Schiff base followed by reduction with NaBH 4 .
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The structural, magnetic and redox properties of the selected transition metal complexes containing 15-pyN 3 
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As has been shown previously for many examples of transition metal complexes with Schiff bases, 14-16 the magnetic properties, especially the spin transition (spin crossover), 13 single molecule magnet (SMM) 17 behaviour, or magnetic anisotropy also for the 3d 5 conguration, 18, 19 can be tuned by substitution of the small coligands providing a different ligand eld which has an impact on the electronic structure of such systems. Such a strategy has been employed in this work in order to reveal the inuence of the axial ligands on the crystal structure, on the system of non-covalent contacts and consequently on the magnetic properties. . The magnetic data were measured on powder samples using a SQUID magnetometer MPMS-XL7 (Quantum Design) for 1 and a PPMS Dynacool system (Quantum Design) with the VSM option for 2-5. The experimental data were corrected for the diamagnetism and signal of the sample holder. The X-ray powder diffraction pattern for complex 1 was recorded on a MiniFlex600 (Rigaku) instrument equipped with the Bragg-Brentano geometry and iron-ltered Cu Ka 1,2 radiation.
X-ray diffraction analysis
Single crystals of complexes 2, 3 and 4 suitable for X-ray structure analysis were prepared by vapour diffusion of Et 2 O into a MeOH solution of the appropriate complex at 5 C.
Moreover, some other recrystallization or diffusion experiments were performed in the case of complexes 1 and 5, but suitable single crystals were not prepared. X-ray diffraction data of 2 and 4 were collected with a Rigaku HighFlux HomeLab™ universal dual wavelength (Mo Ka and Cu Ka) single crystal diffractometer at 120(2) K, while the Mo Ka radiation (l ¼ 0.71075Å) was used to obtain the diffraction data. The diffractometer was equipped with the Eulerian 3 circle goniometer and the Rigaku Saturn724+ (2 Â 2 bin mode) detector. Data reduction and correction of the absorption effect were performed using the XDS soware package. 20 The X-ray diffraction data of 3 were collected on a Bruker D8 QUEST diffractometer equipped with a PHOTON 100 CMOS detector using Mo Ka radiation. The APEX3 soware package 21 was used for data collection and reduction of 3. The molecular structures of 2-4 were solved by direct methods and rened by the full-matrix least-squares procedure SHELXL (version 2014/ 7). 22 Hydrogen atoms of all the structures were found in the difference Fourier maps and rened (except for N-attached H atoms) using a riding model, with C-H ¼ 0.95 (CH) ar and C-H ¼ 0.99 (CH 2 )Å, and with U iso (H) ¼ 1.2U eq (CH, CH 2 , NH). The highest peak of 5.82 eÅ À3 is located 1.61Å from I1b in 2, while the peak of 4.01 eÅ À3 is located 0.82Å from Mn1b in 4.
The molecular and crystal structures of all the studied complexes, depicted in Fig. 2 and 3 , respectively, were drawn using the Mercury soware.
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Computational details
The theoretical calculations were carried out with the ORCA 3.0.3 computational package. 24 The calculations of the isotropic exchange parameters J were done by the broken symmetry approach 25 using the hybrid B3LYP functional 26 and polarized triple-z quality basis set def2-TZVP(-f) proposed by Ahlrichs and coworkers for all atoms. 27 The calculations utilized the RI approximation with the decontracted auxiliary def2-TZV/J Coulomb tting basis sets and the chain-of-spheres (RIJCOSX) approximation to exact exchange as implemented in ORCA.
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Increased integration grids (Grid5 in ORCA convention) and tight SCF convergence criteria were used in all calculations. In all the cases the calculations were based on the experimentally determined X-ray molecular structures, but the all hydrogen atom positions were optimized using the B3LYP functional and atom pairwise dispersion correction to the DFT energy with Becke-Johnson damping (D3BJ). 29 In the case of the molecular fragment [(CN)MnL(m-CN)MnL(CN)] + of 5, the whole geometry was optimized using B3LYP/def2-TZVP(-f)+D3BJ. The spin densities were visualized with the program VESTA 3.
30
Results and discussion
Synthesis
Previously, Mn II complexes with L containing coordinated two chlorido coligands 5 or one chlorido coligand and one water molecule 4 were prepared by direct mixing of manganese(II) salt and L. This simple procedure was employed in the preparation of complex 1, for which MnBr 2 was directly complexated by L. (4) (right). Non-hydrogen atoms are drawn as thermal ellipsoids at the 50% probability level. Only one of two (for 2) and three (for 4) crystallographically independent molecules are shown for clarity. Two and three crystallographically independent molecules were found in the asymmetric unit of 2 and 4, respectively.
During the synthesis of compounds 2-5, various manganese(II) salts, with anions with a low coordination ability (e.g. perchlorate or acetate), were complexated by L in the rst step forming the [MnL] 2+ complex unit, while an excess of the appropriate coligand in the form of sodium or ammonium salt was added in the second step, during which this anion was coordinated to the manganese(II) centre. These two steps were designed in such a way that the side products were well soluble in MeOH (i.e. NH 4 ClO 4 , NH 4 Cl, CH 3 CO 2 Na or NaClO 4 ) and did not contaminate the product during its consequent crystallization induced by Et 2 O vapour diffusion.
X-ray diffraction analysis
The molecular structures of the complexes 2, 3 and 4 are similar (Tables 1 and 2 , Fig. 2 , Tables S1 and S2, Fig. S1 and S2 †). The crystal structures of 2 and 4 involve two and three, respectively, crystallographically independent molecules in the asymmetric units. However, the data for one of those independent molecules are discussed in the main text and listed in Table 2 (full data sets are available in Table S1 , † all independent molecules are shown in Fig. S1 and S2 in the ESI †).
In all the cases, the Mn II central atom adopts pentagonalbipyramidal geometry with the coordination number of 7 (Fig. 2) . The pentadentate macrocycle L is coordinated in an equatorial pentagonal plane with the shortest Mn-N py distances $2.10-2.20Å in comparison with the Mn-N H distances, ranging from 2.27 to 2.33Å, and the Mn-O distance ranging from 2.28 to 2.33Å ( Table 2 ). The two axial positions are occupied with two iodido ligands in 2, for which the Mn-I distances are much longer (2.95 and 3.03Å, Table 2 ) in comparison with the Mn-N and Mn-O distances providing elongation of the pentagonalbipyramidal coordination sphere in the axial directions. This is in accordance with the larger ionic radius of the iodide anions. Consequently the Mn-I distances are also longer in comparison with the same complex with coordinated chlorido coligands described previously having Mn-Cl distances of 2.53 and 2.55Å.
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On the other hand, in the case of coordination of two azido or thiocyanato ligands in 3 or 4, the M-N axial distances are shorter than those to the macrocyclic donor atoms ( 6 On the other hand, the X-Mn-X angles (X represents the donor atom of the axial ligand) are close to the ideal linear arrangement (178. 8 , 174.7 and 176.7 for 2, 3 and 4, respectively, Table 3 ).
In the crystal structure of all the compounds, an extensive system of N-H/X and C-H aromatic /X hydrogen non-covalent contacts (X ¼ I, N, or S atom of the axial ligand) as well as pp stacking interactions were found. These non-covalent contacts and interactions strongly inuenced the nal crystal packing of the complexes (Table S2 in the ESI †) as well as the magnetic properties (see the sections of magnetic properties and DFT calculations). In the crystal structure of 2, a zig-zag 1D chain is formed by two N-H/I hydrogen bonds between the two [MnLI 2 ] units (Fig. 3) . Furthermore, these innite chains are connected to each other by two C-H aromatic /I non-covalent contacts as well as by face-to-face p-p interactions (centroid/centroid distance ¼ Cg/Cg ¼ 3.758(1)Å), which all together form almost planar 2D sheets (layers) separated from each other (i.e. no non-covalent contacts observed).
The 1D chain motif can be also found in the crystal structures of 3 and 4, where again the complex units are connected by N-H/N and N-H/S hydrogen bonds, respectively. In 3, similarly as in 2, this chain can be considered as a zig-zag, while it is almost linear in 4. there are no NH groups and thus, only C-H aromatic /S noncovalent contacts and p-p stacking are present, and thus, a completely different arrangement of the complex units was found in comparison with 4.
On the other hand, the linking of these chains is different in 3 and 4. In 3, these 1D chains are linked by C-H aromatic /N noncovalent contacts and face-to-face p-p interactions (Cg/Cg ¼ 3.467(1)Å) forming zig-zag bent 2D sheets which are not connected to each other by any non-covalent contacts, whereas in 4, these 1D chains are linked by C-H aromatic /S non-covalent contacts and face-to-face p-p interactions (Cg/Cg ¼ 3.698(1) Å ) forming almost planar 2D sheets which are linked to each other by C-H aromatic /S non-covalent contacts, thus giving rise to a supramolecular 3D network. Despite many crystallization attempts, single crystals of 1 and 5 suitable for X-ray diffraction analysis were not prepared. But nevertheless, at least a powder diffraction pattern for 1 was recorded (Fig. S3 †) and it showed that 1 and 2 are isostructural.
IR spectroscopy
The vibration characteristics for the coordinated ligand L were present in the IR spectra of all the complexes (Fig. S4 in 
Magnetic properties
For all the prepared Mn II complexes 1-5, temperature and eld dependent magnetic data were acquired and they are depicted in Fig. 4 and S6-S10 (in the ESI †). The room temperature values of the effective magnetic moment (m eff ) span the 5.9-6.1 m B interval, which means that they are close to the theoretical spin-only value for S ¼ 5/2, equal to 5.9 m B (g ¼ 2.0). On lowering the temperature, there is a drop of m eff below 30 K down to 5.3-5.9 m B at T ¼ 1.9 K (2), and x PI ¼ 1.3(1) % for 5 using eqn (6). for 1-4, which is most probably the result of weak intermolecular magnetic interactions mediated by non-covalent contacts (hydrogen bonds/p-p stacking) and also by the small magnetic anisotropy of Mn II atoms in the heptacoordinated environment.
In the case of 5, the overall magnetic behaviour is different to 1-4, the m eff is continuously decreasing from room temperature down to 1.37 m B at T ¼ 1.9 K, and there is also a maximum of the M mol vs. T curve at T ¼ 9.5 K, which is a ngerprint of antiferromagnetic exchange either in a homo-spin dimer or uniformly coupled 1D chain. Moreover, the isothermal magnetization also signi-cantly deviates from the Brillouin function. We can speculate that this is the result of the isotropic exchange mediated by the cyanido ligands in the bridging mode. First, the magnetic data of 1-4 were treated with the spin Hamiltonian for a monomeric system
where the single ion zero-eld splitting parameter D, isotropic gfactor and molecular eld correction zj parameters are present. hS a i is a thermal average of the molecular spin projection in the a-direction of the magnetic eld dened as B a ¼ B(sin q cos 4, sin q sin 4, cos q) with the help of the polar coordinates. Then, the molar magnetization in the a-direction of the magnetic eld can be numerically calculated as:
where Z a is the matrix element of the Zeeman term for the adirection of the magnetic eld and C is the eigenvectors resulting from the diagonalization of the complete spin Hamiltonian matrix. The inclusion of zj means that an iterative procedure was applied. 37 Then, the averaged molar magnetization of the powder sample was calculated as an integral (orientational) average:
We also tested both signs of the D parameter during tting procedures and the results are summarized in Table 4 . It is evident that similarly good ts were obtained for both signs of D. The largest magnetic anisotropy, |D|, was found in complex 1
, while a negligible D parameter was found in 3 (D ¼ 0). Moreover, non-negligible magnetic intermolecular interactions seem to be present in compounds 1, 2 and 3, where zj z À0.1 cm À1 and slightly weaker interactions were found in 4 (zj z À0.07 cm À1 ). Moreover, it must be stressed that we also tried to t experimental data with simplied models, either by neglecting ZFS (D) or the molecular eld correction (zj), but these models were unable to properly describe simultaneously both the temperature and eld dependent magnetic data of 1, 2 and 4.
In the case of compound 5, where the exact structural motif is unknown, the two spin Hamiltonian models were tested. First, the experimental data were treated with the dinuclear spin Hamiltonian (H dimer ):
where the rst term describes the isotropic exchange between paramagnetic manganese(II) atoms within the dimer and the rest of the terms were already explained. Now, the molar magnetization in the a-direction of the magnetic eld was calculated as:
where Z is the partition function and again the integral average was calculated using eqn (3) . In this case, the best t was obtained only for the positive D parameter, which resulted in
978 (3), and x PI ¼ 2.2(2)% (Fig. S10 †) , where also the monomeric paramagnetic impurity (PI) was included in order to describe a low temperature increase of the mean susceptibility. A second model attempts to mimic the 1D uniformly coupled spin chain by a nite-sized closed ring with the following spin Hamiltonian (H 1D ):
The number of centres was set to seven (N ¼ 7), which resulted in already 279 936 magnetic levels. In order to be able to deal with such a large system, the zero-eld term was neglected and then the coupled basis set could be utilized, which signicantly simplies the calculation of the magnetic properties. 39 The advantage of this procedure is that both the temperature and eld dependent data can be tted simultaneously. As a result, these parameters were obtained: 
zj ¼ À0.099(4) zj ¼ À0.066 (6) and x PI ¼ 1.3(1)% (Fig. 4) . As far as we know, Mn 
DFT calculations
The analysis of the experimental magnetic data revealed weak magnetic interactions among Mn II atoms in the solid state.
With the aim to continue in our effort in recognizing/ characterizing efficient magnetic exchange pathways mediated by non-covalent contacts, 5,43 we performed theoretical calculations of the isotropic exchange parameter J in selected molecular fragments based on the X-ray structures of 2-4. Both the interactions within supramolecular 1D chains visualized in Fig. 3 and interchain interactions (shown in the ESI in Table  S3 †) were calculated using the B3LYP functional together with the def2-TZVP(-f) basis set utilizing the ORCA computational package. The values of J parameters were calculated by two approaches, either using Ruiz's formula:
or Yamaguchi's formula:
where D is the energy difference between the broken symmetry spin state (BS) and high-spin state (HS):
using this form of the spin Hamiltonian for the dinuclear system:Ĥ
The resulting J values are listed in Table 5 . It is evident that in the crystal structure of 2, the strength of the intrachain and interchain antiferromagnetic interactions is almost equal. In contrast, in 3, there is the strongest antiferromagnetic exchange within the supramolecular chain among compounds 2-4, and negligible interchain interaction. A similar situation is found in 4, where again intrachain interaction is pronounced. Furthermore, apparently the strength of antiferromagnetic exchange is not a simple function of the metal-metal distance (Table 5) , so it is obvious that the utilization of theoretical methods is an inevitable tool for better understanding of magnetic interactions in the solid state.
Furthermore, we also tried to support our presumption that in the case of compound 5, a polymeric structure of {[MnL(m-CN)](ClO 4 )} n is formed, in which cyanide anions act as bridging ligands. Therefore, the dinuclear molecular fragment of [(CN) LMn(m-CN)MnL(CN)] + was constructed and its geometry optimized at the B3LYP/def2-TZVP(-f) level of theory (Fig. 5) . The metal-donor atom distances were found to be similar to those determined in the X-ray structures of 2-4. Aerwards, the J parameters were calculated for this fragment, which resulted in a The respective molecular fragments are shown in the ESI in Table S3 . † Mn II with a 3d 5 conguration in the pentagonal-bipyramidal coordination environment is very small (rDr < 0.7 cm À1 ), which prevented us from drawing a quantitative conclusion about the impact of the axial coligands on D. Therefore no magneto-structural correlation could be carried out reliably in contrast to other studies on complexes with different metal ions or different coordination geometries. On the other hand, the magnetic nature of 1-4 was more markedly inuenced by noticeable non-covalent contacts, which are responsible for the 1D chain supramolecular crystal structures of the complexes. Moreover, the performed DFT calculations supported the experimental results and identied that the weak antiferromagnetic exchange in 3 and 4 was exclusively mediated via intrachain hydrogen bonds, while it was equally mediated by intrachain as well as interchain hydrogen bonds in 2. In addition to this, the calculations showed that the Mn/Mn distance cannot be considered as the main criterion for the prediction of the intensity of the magnetic exchange. The polymeric character of 5 was suggested by tting the magnetic data with a dimeric/ polymeric model providing a weak antiferromagnetic exchange coupling, which was subsequently supported by DFT calculations based on the theoretically optimized structure of the dimeric fragment [ (CN 
